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THE EFFECTS OF OPENING TRAILS ON EXOTIC PLANT INVASION IN PROTECTED 
AREAS ON LA RÉUNION ISLAND (MASCARENE ARCHIPELAGO, INDIAN OCEAN)
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RÉSUMÉ. — Les effets de l’ouverture de sentiers sur l’invasion des zones protégées de l’île de la
Réunion (archipel des Mascareignes, océan Indien) par des espèces végétales exotiques. — L’envahis-
sement par les espèces exotiques est devenu un problème majeur au niveau des aires protégées. Une
meilleure connaissance de leur impact sur le fonctionnement des écosystèmes est nécessaire pour amé-
liorer les pratiques de gestion et la conservation des habitats. Nous suggérons que les effets des pertur-
bations comme l’ouverture de chemins forestiers et l’invasion par les plantes exotiques sont sous-esti-
més. Nous avons donc quantitativement mesuré le rôle de l’ouverture de chemins forestiers dans la
colonisation par les plantes envahissantes, un phénomène en progression constante mais jamais étudié
auparavant. Notre étude montre que Rubus alceifolius, la plante exotique envahissante la plus répandue
à La Réunion, est capable de germer aussi bien au niveau d’un chemin étroit que d’un chemin large mais
ne persiste qu’au niveau du chemin le plus large. Nos résultats montrent aussi qu’un chemin large favo-
rise l’établissement des plantes exotiques et détermine une réduction signiﬁcative de la richesse spéciﬁ-
que. Cette étude conduit à suggérer aux forestiers de construire plutôt des chemins étroits, ce qui per-
mettrait d’empêcher l’installation et la propagation de R. alceifolius et des autres plantes non indigènes.
SUMMARY. — Exotic species have become a major problem in protected areas. A better knowledge
of ecosystem functioning is necessary to improve management practice that facilitates habitat conserva-
tion. We suggest that small-scale disturbances such as trail opening and the effects on exotic plants inva-
sions are underestimated. We have, therefore, quantitatively measured the effect of forest trail building
on invasive plant colonization, a phenomenon in constant progression but never studied before. Our
study shows that Rubus alceifolius, the widespread exotic invasive plant on La Réunion, is able to ger-
minate on both narrow and wide trails, but persists only on the wider ones. Our results show moreover
that wide forest trails favored establishment of exotics and signiﬁcantly decreases species richness. We
suggest to forest managers that building narrow forest trails is preferable as it will stop the persistence
and propagation of R. alceifolius and other non-indigenous plants.
There are many alien plant species that threaten natural areas (Lockwood et al., 2001)
or protected areas (Coles & Landres, 1996) because they are able to naturalize or become
invasive (invasive status defined according to Richardson et al., 2000) by replacing native
flora or even changing ecosystem properties (Vitousek, 1990; Gordon, 1998). For example,
D’Antonio & Meyerson (2002) recently reviewed management problems caused by exotic
plants in protected areas and their impacts on restoration projects. Such issues are amplified
on oceanic islands (Vitousek, 1988; Brockie et al., 1988). In the Mascarene archipelago
(Indian Ocean), native habitat remnants are threatened with extinction by exotic plant inva-
sions (see Macdonald et al., 1991; Strasberg et al., 2005). In this archipelago (formed by
La Réunion, Mauritius and Rodrigues), tropical rainforests are biologically rich but have
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been radically reduced and fragmented (Lorence & Sussman, 1988; Olson & Dinerstein,
1998) by human activities such as farming and settlements.
In La Réunion Island (the most preserved island of the Mascarene archipelago), 70% of
the 675 native species are restricted to Mascarene and 30% endemic of La Réunion (see
Lavergne et al., 1999 for a synthesis). However, since human settlement on La Réunion in
the 1600s, over 2000 introduced plants have been recorded of which 62 are invasive (Mac-
Donald et al., 1991; Lavergne et al., 1999). Management of exotic plants is therefore a pri-
ority for conservation of the highly endangered Mascarene habitats (Thébaud & Strasberg,
1997; Mungroo et al., 1998). In order to preserve biodiversity, it is essential to predict the
outcome of forest management practices and the impact of invasive species on Mascarene
ecosystems. Although major human disturbances have been reduced in Mascarene rainforests
following the implementation of several protected areas (Gargominy, 2003), exotic plant den-
sity is still increasing in some protected areas, especially on La Réunion Island (Lavergne et
al., 1999). We suggest that negative effects of small-scale disturbance such as trail opening
have been underestimated and may facilitate exotic plant invasions.
Several studies have already demonstrated the effect of openings (gaps, landslides, lava
flows) in the habitat on the presence and abundance of invasive plants (e.g. Strasberg, 1995;
King & Grace, 2000; Restrepo & Vitousek, 2001). Other studies also revealed that a high
number of invasive species grow along forest roadsides, and that their abundance decreases
gradually with the decline in light intensity with penetration into the forest understorey
(Amor & Stevens, 1976; Harrison et al., 2002). Lonsdale & Lane (1994) and Gelbard &
Belnap (2003) suggested that roads act as corridors, and that vehicles may act as vectors of
propagules, favoring the spread of invasive exotic species. However, no studies to date have
measured the effect of forest trail building on invasive plant establishment, colonization and
persistence. In this study, we assessed the effects of trail opening on the colonization pat-
terns of invasive plants in a lowland rainforest protected area on La Réunion (21˚00’S,
55˚30’E). The aim of the study was to (1) measure the effect of trail width on the dynamics
of the widespread exotic plant, Rubus alceifolius, and (2) determine the extent of establish-
ment of all alien plants along trails and within the neighbouring forest.
MATERIAL AND METHODS
The study was carried out in a remnant of tropical lowland rainforest at Grand-Étang (550 m a.s.l.), a protected
area on the east coast of La Réunion Island. Mean annual rainfall is high (6 307 mm/year) and the mean annual
temperature is 20.4˚C (Météo France meteorological data for the 1969-1999 period). Our study was situated in a ﬂat
area of 10 ha with ± 90% forest cover and 10% trails and gaps in the canopy. Recently, the Protected Areas
Management created two trails of different widths (5-10 m and 1-3 m, average widths were of 7.15 ± 0.51 and
2.15 ± 0.20, n = 10 respectively) that were opened on 18 October 1998. All plants were manually and mechanically
eradicated on the trails on this date. Rubus alceifolius seedlings appeared rapidly after trail clearing. As it was outside
the fruiting time of R. alceifolius (between April and July at this elevation, Baret et al., 2004), we conﬁrm that all seeds
germinating after the trail development (October to November) came from seeds already present in the soil before this
date. The leaf area index (LAI, calculated according to the method described by Cournac et al., 2002) was measured to
assess the canopy gap size and have an idea of light penetrating the understorey. A control measurement was made at
the nearest open area.
We measured the effects of trail width on Rubus alceifolius Poiret, a native of Southeast Asia and introduced to La
Réunion in the 1840s (Jacob de Cordemoy, 1895). This species is present in monospeciﬁc patches in the protected area
of Grand-Étang where a substantial seed-bank has accumulated (Baret et al., 2004). Five months after the trails were
opened (in March 1999), R. alceifolius plants were found over the full width of the trails. No Rubus seedlings were
encountered before the trails were opened. Plant growth (main stem length) and the number of nodes produced by each
individual along the main stem were measured every 3 weeks over a 4 month period (March-June 1999). To offset
variation in size and compare the length of the main stem over time and the number of internodes formed, we
differentiated plants that were less than 3 cm long and more than 3 cm long at the beginning of the monitoring period
(March 1999). Each individual was monitored in September 1999 and during the 2000 and 2001 fruiting season (April
to June, see Baret et al., 2004) to record mortality and fruit development.
Five years after the trails were built (in June 2003), we established sixteen 10 m transects perpendicular to the
wide trail at 4 randomly selected sites (4 transects at each site). Along each of these transects, we marked 2-plots, one
on the trail edge and the other 10 m into the understorey. Using the point-centered quarter method (developed by Cottan
& Curtis, 1956) 8 plant species were recorded in each of the marked plots (see Fig. 1). One hundred and twenty eight
established plants (> 1 m high) were documented (64 plants in the trail and 64 plants in the understorey).
Mann-Whitney and Chi-square tests on Statistix 7 software were performed to compare Rubus growth and exotic/
indigenous frequency.
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RESULTS
ESTABLISHMENT, GROWTH AND LENGTH OF JUVENILE PERIOD OF R. ALCEIFOLIUS
No R. alceifolius germination was observed in the understorey. However, 37
R. alceifolius plants were detected within a 50 m long section of both trails 5 months after
they were opened (March 1999), even though no plants were present at opening. Twenty-
seven of these plants (including 12 < 3 cm long) were found along the wide trail (LAI
from 1.08 ± 0.06) and 10 (all < 3 cm long) along the narrow trail (LAI from 2.1 ± 0.06).
The growth (length of the main stem) of these plants was monitored from March to June
1999. Five months after opening the forest canopy (March 1999), mean stem length was
significantly higher along the wide trail (7.0 ± 1.73 cm long, with 9.4 ± 0.57 internodes)
than along the narrow trail (1.6 ± 0.25 cm long, with 6.0 ± 0.83 internodes). Over the
4-month monitoring period, we noted significant differences in stem growth per 21 days
between all plants growing at both sites and also for most plants that were under 3 cm long
(Tab. I). Significant differences were also noted with respect to the number of nodes cre-
ated between each monitoring date (Tab. II). In September 1999, all plants growing along
the narrow trail had wilted. Twenty-one plants were still alive along the wide trail, and the
five most developed plants bore fruit during the 2000 fruiting season (April to June) and
15 others during the 2001 season.
Figure 1. — Schematic representation of plant species recorded along trail edges and understorey. For each plot
(black circle), 4 plant species were recorded according to the point quarter method (from Cottan & Curtis, 1956).
Stars represent individuals observed at one plot. Sixteen transects were done at 4 different sites along the trail
(4 transects by site). Thus, 128 individuals were recorded (64 along trail edge and 64 understorey, see table I).
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A Mann-Whitney test was used to compare plants growing along the 5-10 m wide trail with those growing along the
1-3 m wide trail. This comparison involved all plants (lower case letters a and b) growing along the wide trail, and then
those less than 3 cm long (capital letters A and B). A change of letters between means indicates that for each time
period considered (i.e. 21 days) the corresponding distribution is signiﬁcantly different at the 99% threshold.
The statistical analyses were the same as those described in table I.
EXOTIC VS. INDIGENOUS PLANT ESTABLISHMENTS: COMPARISON BETWEEN 
TRAILS AND UNDERSTOREY
Preliminary measurements of LAI give meaning of abbreviations the first time used
(n = 10 for each site) differ in wide trails (1.08 ± 0.06), understorey (4.53 ± 0.01) and in
the open area (0.33 ± 0.01). Transects along the wide trail revealed an important contrast
between established plants in the forest trail (82.8% exotic vs. 17.2% native plants) and
the surrounding understorey (12.5% exotic vs. 87.5% native plants) (see Tab. III). Exotic
plants were more frequent along the trail edges than in the understorey (P < 0.0000,
χ2 = 63.42). Species richness was also different. In a sample of 64 individuals, twenty
plant species were recorded in the understorey (Tab. III), only one being exotic, Psidium
cattleianum (Tab. I). In a sample of 64 individuals along trail edges, 11 plant species were
recorded (5 indigenous and 6 exotic), and exotic plant individuals outnumbered indige-
nous ones (Tab. III).
TABLE I
Growth of the main stem (mean in cm ± SE) of Rubus alceifolius plants per 21 days (between 5 and 8 months 
after trail building) and according to the trail width
Time (days)
Wide trail (5-10 m) Narrow trail (1-3 m)
All plants Plants < 3 cm All plants < 3 cm
t + 21 2.36 ± 0.71 a 0.37 ± 0.12 A 0.20 ± 0.06 b, A
t + 42 2.31 ± 0.65 a 0.46 ± 0.25 A 0.10 ± 0.05 b, B
t + 63 1.59 ± 0.48 a 0.26 ± 0.13 A 0.06 ± 0.03 b, B
t + 84 1.24 ± 0.45 a 0.29 ± 0.17 A 0.02 ± 0.02 b, B
t + 103 0.84 ± 0.31 a 0.18 ± 0.06 A 0.03 ± 0.02 b, B
Total 8.14 ± 11.16 a 1.56 ± 0.70 A 0.40 ± 0.12 b, B
TABLE II
Number of new nodes (mean in cm ± SE) created by Rubus alceifolius plants per 21 days (between 5 and 8 months 
after trails creation) and according to the trail width
Time (days)
Wide trail (5-10 m) Narrow trail (1-3 m)
All plants Plants < 3 cm All plants < 3 cm
t + 21 1.18 ± 0.14 a 1.00 ± 0.15 A 0.30 ± 0.15 b, B
t + 42 1.19 ± 0.09 a 1.20 ± 0.20 A 0.50 ± 0.22 b, B
t + 63 0.92 ± 0.08 a 0.80 ± 0.13 A 0.40 ± 0.16 b, A
t + 84 1.04 ± 0.10 a 1.00 ± 0.00 A 0.40 ± 0.22 b, B
t + 103 0.70 ± 0.10 a 0.50 ± 0.17 A 0.30 ± 0.15 b, A
Total 4.57 ± 0.27 a 4.50 ± 0.34 A 1.90 ± 0.55 b, B
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DISCUSSION
Significant disturbances, such as forest trail construction, present opportunities to
measure exotic plant colonization. The effects of this on invasive plant establishment have
never been quantified in previous studies of alien plant dynamics.
TABLE III 
Exotic and indigenous plant species recorded along trail edges and understorey (64 individuals recorded 
in each case), according to the point quarter method (see text)
Species
Number of individuals
Trail edges Understorey
EXOTICS
Ardisia crenata 4 0
Boehmeria penduliﬂora 12 0
Lantana camara 2 0
Ludwigia octovalvis 1 0
Psidium cattleianum 16 8
Rubus alceifolius 18 0
INDIGENOUS
Acantophoenix rubra 0 1
Antirhea borbonica 0 2
Aphloia theiformis 0 1
Badula nitida 0 2
Casearia coriacea 0 7
Coffea mauritiana 0 1
Cyathea borbonica 0 3
Cyathea excelsa 0 1
Cnetis glabra 0 2
Ficus mauritiana 2 1
Gaertnera vaginata 0 20
Geniostoma borbonicum 6 0
Habenaria cyginum 0 2
Labourdonnaisia callophylloides 0 1
Memecylon confusum 0 1
Molinea alternifolia 0 1
Pandanus purpurascens 0 6
Pittosporum senacia 0 1
Scleria sp. 1 0
Sticherus linearis 1 0
Tambourissa elliptica 0 1
Weinmannia tinctoria 1 2
Total of exotic individuals 53 8
Total of indigenous individuals 11 56
—  330  — 
The results showed that wide canopy opening provided sufficient light for the germi-
nation, establishment and persistence of R. alceifolius, the widespread exotic plant on
La Réunion (see Macdonald et al., 1991). In contrast, the lower light intensity under narrow
openings enabled germination but not the establishment of R. alceifolius, which wilt within
the first year. Although several studies have shown that different Rubus species germinate
and grow when sufficient light is available (Scott & Draper, 1967; Amor, 1974; Salonen,
1994), none has demonstrated the impact of canopy opening by the construction of a new
forest trail on the colonization potential of an invasive alien species. As our experiment was
set up in the non-fructiferous season, we are confident that R. alceifolius seedlings recorded
on the recent trails came from the seed-bank already present in the soil before trail construc-
tion (see Baret et al., 2004 for an example on this area). Thus, seedlings observed were
linked only to the opening of the canopy and the new available light, and not to the transport
of propagules along the trail. Our results suggest, moreover, that under these favorable con-
ditions R. alceifolius had rapid growth and some individuals bore fruit within only one and
a half years of germination within the wide trail. These data are in line with the theories put
forward by Rejmánek & Reichard (2001) who considered that a short juvenile period is a
key trait of invasive plants, especially in disturbed habitats. This period is crucial and gov-
erns the invasion of new areas by these plants. The bright red fruits produced by
R. alceifolius attract fruit-eating birds, which subsequently disseminate these seeds (see
Mandon-Dalger, 2002), facilitating its germination (Mandon-Dalger et al., 2004). These
seeds accumulate in the forest soil and since Rubus seeds are estimated to remain viable for
about 10 years (Marks, 1983), they could germinate once the canopy is opened. The initial
plant then spreads by terrestrial layering or sprouting to form monospecific patches (Baret
et al., 2003).
Our study also quantified that forest trails favor exotic plant establishment (82.8%
along trail edges vs. 12.5% 10 m within understorey). Furthermore, we have observed that
species richness was higher in the understorey than along trail edges. Except for Psidium
cattleianum that can grow in the understorey, all other species observed 10 m away from
the trail were indigenous. Species present along trail edges were mostly exotic. Among the
6 exotic plant species recorded, 5 are considered very invasive (Macdonald et al., 1991),
and one, Ludwigia octovalvis, is naturalized.
The obtained results indicate that forest managers should avoid creating wide forest
trails. Indeed, small understorey trails that do not create opening in the forest canopy should
be considered. This study provides important information about protected area- management
practices where additional forest trail construction is vital for public access and tourism
development. For example, the forestry service of La Réunion manage 759 km of forest
trails within 100 000 ha (ONF, 2002). This value is an underestimate knowing that not all
forestry trails are recorded (ONF, pers. com.). Furthermore, poaching for endemic palms
and birds in the rainforest create many new trails in protected habitats. We do not recom-
mend widening trails in native habitats as they promote exotic plants invasion. Further
research needs to be done to compare the effects of trails in other threatened island ecosys-
tems.
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